
US 2015O129586A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2015/0129586 A1 

IKEDA et al. (43) Pub. Date: May 14, 2015 

(54) MICROWAVE HEATINGAPPARATUS AND Publication Classification 
PROCESSING METHOD 

(51) Int. Cl. 
(71) Applicant: Tokyo Electron Limited, Tokyo (JP) H05B 6/80 (2006.01) 

HOIL 2L/324 (2006.01) 
(72) Inventors: Taro IKEDA, Nirasaki (JP); Jun (52) U.S. Cl. 

YAMASHITA, Nirasaki (JP); CPC .............. H05B 6/806 (2013.01); HOIL 2 1/324 
Seokhyoung HONG, Nirasaki (JP); (2013.01) 
Kouji SHIMOMURA, Nirasaki (JP); 

(21) Appl. No.: 14/603,910 A microwave heating apparatus includes a processing cham 
ber having a top wall, a bottom wall and a sidewall, and 

(22) Filed: Jan. 23, 2015 configured to accommodate an object to be processed; a 
O O microwave introducing unit configured to generate a micro 

Related U.S. Application Data wave for heating the object and introduce the microwave into 
(63) Continuation of application No. PCT/JP2013/066017, the processing chamber; a plurality of supporting members 

filed on Jun. 11, 2013. configured to make contact with the object and Support the 
object in the processing chamber. The microwave heating 

(30) Foreign Application Priority Data apparatus further includes a dielectric member provided 
between the object Supported by the Supporting members and 

Jul. 25, 2012 (JP) ................................. 2012-164542 the bottom wall while being apart from the object. 

49 / 8 
HIGHVOLTAGE 

POWER 
SUPPLY UNIT 

33 2 

C s N 

2115,4. GAS 
SUPPLY Y/24 
UNIT NS 

ELEVATION 
DRIVING 

ROTATION 19 
DRIVING 
UNIT 7 

EMPERATURE 
MEASURING UNIT 

6 27 

    

    

  

  

  

  

  

  

    

  

    

  

  

    



Patent Application Publication May 14, 2015 Sheet 1 of 9 US 2015/0129586 A1 

FIG. 1 

1 

40 ? 8 
HIGHVOLTAGE CONTROL UNIT 

POWER 
SUPPLY UNIT 

MAGNETRON 

3 DUMMY LOADHCIRCULATOR CIRCULATOR HDUMMY LOAD 

37 37 
30 35-1 DETECTOR DETECTOR Y-35 

33 
W N R Szi, Li 1. C 

K AS 

t; a YZZZZ,12ZZYSW4. 11 XNGV 

MAGNETRON 

GAS N24a 
SUPPLY 
UNIT 

21 ENGIN DRIVING 
- 22 UNIT ROIATION 19 

DRIVING 
1 UNIT 17 8 

6-GAS EXHAUST UNIT ? MERST 27 

  

  

  

  

  

  



Patent Application Publication May 14, 2015 Sheet 2 of 9 US 2015/0129586 A1 

FIG.2 

  



Patent Application Publication May 14, 2015 Sheet 3 of 9 US 2015/0129586 A1 

H 

Z72 z 

  



Patent Application Publication May 14, 2015 Sheet 4 of 9 US 2015/0129586 A1 

FIG.4 

COMMERCIAL 
POWER SUPPLY 

AC-DC CONVERSION 
CIRCUIT 

SWITCHING CIRCUIT 

STEP-UP TRANSFORMER 

RECTIFYING CIRCUIT 

MAGNETRON 

41 

43 

<- SWITCHING CONTROLLER 42 

40 

44 

45 

31 

  

  

    

  



Patent Application Publication May 14, 2015 Sheet 5 of 9 US 2015/0129586 A1 

FIG.6 

33(10) NSN 
32 N3. Stry 

  



Patent Application Publication May 14, 2015 Sheet 6 of 9 US 2015/0129586 A1 

FIG. 6 

3 

MICROWAVE 
NTRODUCING UNIT 

4. 
USER INTERFACE 

SUPPORTING UNIT 

PROCESS 5a 
CONTROLLER 

GAS SUPPLY UNIT 

6 

GAS EXHAUST UNIT 

27 

TEMPERATURE 
MEASUREMENT UNIT 

STORAGE UNIT 

  

  

  



Patent Application Publication May 14, 2015 Sheet 7 of 9 US 2015/0129586 A1 

FIG. 7 

1A 

40 ? 8 
HIGHVOLTAGE CONTROL UNIT 

POWER 
SUPPLY UNIT 

MAGNETRON MAGNETRON 

CIRCULATOR HDUMMY LOAD 

37 
DETECTOR N35 37 35 

30 DETECTOR 

36-1 TUNEE 

5 V 

N l, 
GAS V 

SUPPLY N/24 X-GV 
UNIT NIn 

23 N D 12 
777 7777|| 7 777 777-13 
21- ELEVATION 20 

DRIVING || 
22 UNIT ROTATIONT-19 

DRYING N-17 18 UNIT 

27 6-gas exhus un?t INEVE GAS EXHAUST UNITA MEASURING UNIT 

  

  

  



Patent Application Publication May 14, 2015 Sheet 8 of 9 US 2015/0129586 A1 

FIG. 8 

  



S/O129586 A1 US 201 4, 2015 Sheet 9 of 9 May 1 atent Application Publication 

X GZ OZ G | 0 | G 0 G 

06 ºf)I, H. 

[Uuuu] LHOIBH BLVTld O|H-LOETBIO 
) 

V6 ™) IJI 



US 2015/0129586 A1 

MICROWAVE HEATINGAPPARATUS AND 
PROCESSING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation Application of 
PCT International Application No. PCT/JP2013/066017 filed 
on 11 Jun. 2013, which designated the United States, and 
claims priority to Japanese Patent Application No. 2012 
164542 filed on Jul. 25, 2012, the entire contents of which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a microwave heat 
ing apparatus for performing predetermined processing by 
introducing a microwave into a processing chamber and a 
processing method for heating an object to be processed by 
using the microwave heating apparatus. 

BACKGROUND OF THE INVENTION 

0003. As an LSI device or a memory device is miniatur 
ized, a depth of a diffusion layer in a transistor manufacturing 
process is decreased. Conventionally, doping atoms 
implanted to the diffusion layer are activated by a high-speed 
heating process referred to as an RTA (Rapid Thermal 
Annealing) using a lamp heater. However, in the RTA process, 
since the diffusion of the doping atoms progresses, the depth 
of the diffusion layer exceeds a tolerable range, which makes 
difficult a miniaturized design. If the depth of the diffusion 
layer is incompletely controlled, the electrical characteristics 
of devices deteriorate due to occurrence of leakage current or 
the like. 
0004 Recently, an apparatus using a microwave is Sug 
gested as an apparatus for performing heat treatment on a 
semiconductor wafer. When doping atoms are activated by 
microwave heating, a microwave directly acts on the doping 
atoms and, this, excessive heating does not occur and exten 
sion of a diffusion layer can be suppressed. 
0005. An organic substance peeling apparatus including a 
rotatable supporting table for supporting a semiconductor 
wafer and an electromagnetic wave irradiation unit for heat 
ing the semiconductor wafer is suggested in, e.g., Japanese 
Patent Application Publication No. 2001-156049, as the heat 
ing apparatus using a microwave. 
0006. The microwave has a long wavelength of several 
tens of millimeters and has a feature that standing waves can 
be easily formed in the processing chamber. Accordingly, 
when the semiconductor wafer is heated by using the micro 
wave, for example, an intensity distribution of an electromag 
netic field becomes non-uniform in the surface of the semi 
conductor wafer, which is likely to result in non-uniform 
heating temperature. Further, the semiconductor wafer has 
low microwave absorption efficiency so that heating of the 
semiconductor wafer may be insufficient, which is problem 
atic in terms of effective use of power. 
0007. In view of the above, the present invention provides 
a microwave heating apparatus and a heating method capable 
of uniformly and effectively heating an object to be pro 
cessed. 
0008. In accordance with the present invention, there is 
provided a microwave heating apparatus including: a pro 
cessing chamber having a top wall, a bottom wall and a 
sidewall, and configured to accommodate an object to be 
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processed; a microwave introducing unit configured to gen 
erate a microwave for heating the object and introduce the 
microwave into the processing chamber; a plurality of Sup 
porting members configured to make contact with the object 
and support the object in the processing chamber; and a 
dielectric member provided between the object supported by 
the supporting members and the bottom wall while being 
apart from the object. 
0009. In the microwave heating apparatus and the process 
ing method of the present invention, the object to be pro 
cessed can be uniformly and effectively heated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a cross sectional view showing a schematic 
configuration of a microwave heating apparatus in accor 
dance with a first embodiment of the present invention; 
0011 FIG. 2 is a perspective view showing a dielectric 
plate to which supporting pins are installed in the first 
embodiment of the present invention; 
0012 FIG.3A is a view for explaining vertical positions of 
the dielectric plate, the supporting pins and a semiconductor 
wafer in the first embodiment of the present invention; 
0013 FIG. 3B is an enlarged cross sectional view showing 
a configuration around the dielectric plate in the first embodi 
ment of the present invention; 
0014 FIG. 4 is a view for explaining a schematic configu 
ration of a high voltage power supply unit of a microwave 
introducing unit in the first embodiment of the present inven 
tion; 
0015 FIG. 5 is a top view showing a top surface of a 
ceiling portion of a processing chamber shown in FIG. 1; 
0016 FIG. 6 is a view for explaining a structure of a 
control unit shown in FIG. 1; 
0017 FIG. 7 is a cross sectional view showing a schematic 
configuration of a microwave heating apparatus in accor 
dance with a second embodiment of the present invention; 
0018 FIG. 8 is a perspective view showing supporting 
pins and a dielectric plate in the second embodiment of the 
present invention; and 
0019 FIGS. 9A to 9C are graphs showing results of simu 
lation of efficiency of absorption of microwave power by a 
wafer. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0020. Hereinafter, embodiments of the present invention 
will be described with reference to the accompanying draw 
ings. 

First Embodiment 

0021 First, a schematic configuration of a microwave 
heating apparatus in accordance with a first embodiment of 
the present invention will be described with reference to FIG. 
1. FIG. 1 is a cross sectional view showing a schematic 
configuration of a microwave heating apparatus of the present 
embodiment. The microwave heating apparatus 1 of the 
present embodiment performs, through a series of consecu 
tive operations, an annealing process by irradiating micro 
waves to, e.g., a semiconductor wafer (hereinafter, simply 
referred to as “wafer') W used for manufacturing semicon 
ductor devices. 
0022. The microwave heating apparatus 1 includes: a pro 
cessing chamber 2 for accommodating a wafer W that is an 
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object to be processed; a microwave introducing unit 3 for 
introducing microwaves into the processing chamber 2; a 
Supporting unit 4 for Supporting the wafer W in the processing 
chamber 2; a gas Supply mechanism 5 for Supplying a gas into 
the processing chamber 2; a gas exhaust unit 6 for vacuum 
exhausting the processing chamber 2; and a control unit 8 for 
controlling the respective components of the microwave heat 
ing apparatus 1. 
0023 <Processing Chambered 
0024. The processing chamber 2 is made of a metal, e.g., 
aluminum, aluminum alloy, stainless steel or the like. 
0025. The processing chamber 2 includes: a plate-shaped 
ceiling portion 11 serving as a top wall; a bottom portion 13 
serving as a bottom wall; a square tube-shaped sidewall that 
connects the ceiling portion 11 and the bottom portion 13; a 
plurality of microwave introduction ports 10 vertically pen 
etrating through the ceiling portion 11; a loading/unloading 
port 12a provided at the sidewall 12, and a gas exhaust port 
13a provided at the bottom portion 13. The sidewall 12 may 
be formed in a cylindrical shape. The loading/unloading port 
12a allows the wafer W to be transferred between the pro 
cessing chamber 2 and a transfer chamber (not shown) adja 
cent thereto. A gate valve GV is provided between the pro 
cessing chamber 2 and the transfer chamber. The gate valve 
GV has a function of opening and closing the loading/unload 
ing port 12a. When the gate valve GV is closed, the process 
ing chamber 2 is airtightly sealed. When the gate valve GV is 
opened, the wafer W can be transferred between the process 
ing chamber 2 and the transfer chamber. 
0026 <Microwave Introducing United 
0027. The microwave introducing unit 3 is provided above 
the processing chamber 2 and serves as a unit for introducing 
electromagnetic waves (microwaves) into the processing 
chamber 2. The configuration of the microwave introducing 
unit 3 will be later described in detail. 
0028 <Supporting Unit> 
0029. The supporting unit 4 includes: a tubular shaft 14 
that penetrates through substantially the center of the bottom 
portion 13 of the processing chamber 2 to extend to the 
outside of the processing chamber 2; a dielectric plate that is 
a dielectric member provided substantially horizontally at an 
upper end portion of the shaft 14; and a plurality of supporting 
pins 16 as Supporting members detachably attached to the 
peripheral portion of the dielectric plate 15. The supporting 
unit 4 further includes a rotation driving unit 17 for rotating 
the shaft 14; an elevation driving unit 18 for vertically dis 
placing the shaft 14; and a movable connection unit 19 for 
Supporting the shaft 14 and connecting the rotation driving 
unit 17 and the elevation driving unit 18. The rotation driving 
unit 17, the elevation driving unit 18 and the movable con 
nection unit 19 are provided at the outside of the processing 
chamber 2. If the inside of the processing chamber 2 needs to 
be in a vacuum state, a sealing device 20, e.g., a bellows or the 
like, may be provided around the portion where the shaft 14 
penetrates through the bottom portion 13. 
0030 FIG. 2 is a perspective view showing the dielectric 
plate 15 to which the supporting pins 16 are installed. FIG.3A 
is a side view for explaining vertical positions of the dielectric 
plate 15, the supporting pins 16 and the wafer W Supported on 
the Supporting pins 16. A plurality of (three in the present 
embodiment) supporting pins 16 comes in contact with the 
backside of the wafer W to support the wafer W in the pro 
cessing chamber 2. The Supporting pins 16 are disposed Such 
that the upper end portions thereof are arranged along the 
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circumferential direction of the wafer W. The supporting pins 
16 are detachably attached to the dielectric plate 15. The 
supporting pins 16 and the dielectric plate 15 are made of a 
dielectric material. As for the dielectric material, it is possible 
to use, e.g., quartZ, ceramic or the like. 
0031) Below the wafer W, the dielectric plate 15 is dis 
posed between the wafer W and the bottom portion 13 of the 
processing chamber 2 while being separated from the wafer 
W and the bottom portion 13. In the present embodiment, the 
dielectric plate 15 is a component of the supporting unit 4 for 
Supporting the wafer W and serves as a microwave absorption 
promoting unit for promoting absorption of a microwave to 
the wafer W by changing the state of the microwave below the 
wafer W. In order to make the dielectric plate 15 effectively 
function as the microwave absorption promoting unit, a 
height H from the top surface of the bottom portion 13 to the 
bottom surface of the dielectric plate 15 may be set within a 
range from, e.g., about 3 mm to 30 mm and preferably within 
a range from about 5 mm to 15 mm. 
0032. The supporting pins 16 have protrusion heights that 
allow the wafer W to be separated from the dielectric plate 15 
by a predetermined gap. The protrusion heights of the Sup 
porting pins 16 are equal to a height H2 from the top Surface 
of the dielectric plate 15 to the backside of the wafer W which 
is shown in FIG.3A. The height H may be set within a range 
from about 3 mm to 30 mm and preferably within a range 
from about 5 mm to 15 mm, in order to make the dielectric 
plate 15 effectively function as a microwave absorption pro 
moting unit. The height H may be adjusted by replacing the 
Supporting pins 16. The number of the Supporting pins 16 is 
not limited to three as long as the wafer W can be stably 
Supported. 
0033. In the present embodiment, the wafer W and the 
dielectric plate 15 have circular plate shapes. A diameter D of 
the dielectric plate 15 is preferably equal to or greater than a 
diameter D of the wafer W. The dielectric plate 15 may have 
any shape as long as it has a function of changing the State of 
the microwave below the wafer W. For example, the dielectric 
plate 15 may have a grid pattern with openings each having a 
diameter of about 1 mm or less, or the like. A thickness T of 
the dielectric plate 15 affects the efficiency of absorption of 
the microwave by the wafer W. In order to make the dielectric 
plate 15 effectively function as a microwave absorption pro 
moting unit, the thickness T is preferably set within a range 
from, e.g., about 2 mm to 20 mm, in consideration of the 
height H from the top surface of the bottom portion 13 to the 
bottom surface of the dielectric plate 15, and the height H. 
from the top surface of the dielectric plate 15 to the backside 
of the wafer W. 

0034 FIG.3B is an enlarged cross sectional view showing 
a structure around the top surface of the dielectric plate 15 in 
the present embodiment. As shown in FIG. 3B, a metal thin 
film 50 having a function of reflecting infrared rays may be 
formed on the top surface of the dielectric plate 15, the top 
Surface facing the wafer W Supported by the Supporting pins 
16. The metal thin film 50 may be, e.g., an aluminum thin film. 
Since the dielectric material, e.g., quartz, forming the dielec 
tric plate 15 has a large heat capacity, radiant heat from the 
wafer Wheated by the microwave is absorbed by the dielec 
tric plate 15 and this deteriorates the efficiency of heating the 
wafer W. To that end, the metal thin film 50 that has a feature 
that reflects the infrared rays is formed on the top surface of 
the dielectric plate 15. Accordingly, the radiant heat from the 
wafer W is reflected on the Surface of the metal thin film 50 
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and the efficiency of heating the wafer W can be improved. To 
do so, the thickness of the metal thin film 50 may be set within 
a range from, e.g. 10 nm to 500 nm, and preferably within a 
range from 50 nm to 200 nm. When the thickness of the metal 
thin film 50 is smaller than 10 nm, the function of reflecting 
the infrared rays cannot be sufficiently realized. On the other 
hand, when the thickness of the metal thin film 50 is greater 
than 500 nm, the microwaves cannot easily penetrate through 
the dielectric plate 15, which is not preferable. 
0035. In the supporting unit 4, the shaft 14, the dielectric 
plate 15, the rotation driving unit 17 and the movable connec 
tion unit 19 constitute a rotation mechanism for rotating, in a 
horizontal plane, the wafer W Supported by the supporting 
pins 16. By driving the rotation driving unit 17, the supporting 
pins 16 and the dielectric plate 15 are rotated about the shaft 
14 to allow each of the supporting pins 16 to be circularly 
moved (revolved) horizontally about a center axis of the 
wafer W supported by the supporting pins 16. Further, in the 
supporting unit 4, the shaft 14, the dielectric plate 15, the 
elevation driving unit 18 and the movable connection unit 19 
constitute a vertical position control mechanism for control 
ling a vertical position of the wafer W Supported by the 
Supporting pins 16. By driving the elevation driving unit 18, 
the supporting pins 16 and the dielectric plate 15 are vertically 
displaced together with the shaft 14. 
0036. The rotation driving unit 17 is not particularly lim 
ited as long as it can rotate the shaft 14. For example, the 
rotation driving unit 17 may have a motor (not shown) or the 
like. The elevation driving unit 18 is not particularly limited 
as long as it can vertically displace the shaft 14 and the 
movable connection unit 19. For example, the elevation driv 
ing unit 18 may have a ball screw (not shown) or the like. The 
rotation driving unit 17 and the elevation driving unit 18 may 
be formed as one unit, and the movable connection unit 19 
may be omitted. The rotation mechanism for rotating the 
wafer W in a horizontal plane and the vertical position control 
mechanism for controlling the vertical position of the wafer 
W may have another configuration as long as the functions 
thereof can be realized. 
0037 <Gas Exhaust United 
0038. The gas exhaust unit 6 may have a vacuum pump, 

e.g., a dry pump or the like. The microwave heating apparatus 
1 further includes a gas exhaust line 21 for connecting the gas 
exhaust port 13a and the gas exhaust unit 6, and a pressure 
control valve 22 disposed on the gas exhaust line 21. By 
operating the vacuum pump of the gas exhaust unit 6, the 
inner space of the processing chamber 2 is vacuum-ex 
hausted. The microwave heating apparatus 1 may perform 
processing under the atmospheric pressure. In this case, the 
vacuum pump may be omitted. As for the gas exhaust unit 6. 
a gas exhaust equipment provided at a facility where the 
microwave heating apparatus 1 is installed may be used 
instead of the vacuum pump Such as a dry pump or the like. 
0039 <Gas Supply Mechanism> 
0040. The microwave heating apparatus 1 further includes 
a gas Supply mechanism 5 for Supplying a gas into the pro 
cessing chamber 2. The gas Supply mechanism 5 includes: a 
gas Supply unit 5a having a gas Supply source (not shown); 
and a plurality of gas Supply lines 23, connected to the gas 
Supply unit 5a, for introducing a processing gas into the 
processing chamber 2. The gas Supply lines 23 are connected 
to the sidewall 12 of the processing chamber 2. 
0041. The gas supply unit 5a is configured to supply a 
processing gas or a cooling gas, e.g., N2, Ar. He, Ne, O2, H2 
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or the like, into the processing chamber 2 through the gas 
Supply lines 23 in a side flow manner. Alternatively, a gas 
Supply unit may be provided at a position opposite to the 
waferW (e.g., the ceiling portion 11) to Supply the gas into the 
processing chamber 2. Instead of the gas Supply unit 5a, an 
external gas Supply unit that is not included in the configura 
tion of the microwave heating apparatus 1 may be used. 
Although it is not illustrated, the microwave heating appara 
tus 1 further includes mass flow controllers and opening/ 
closing valves which are provided on the gas Supply lines 23. 
The types or the flow rates of the gases supplied into the 
processing chamber 2 are controlled by the mass flow con 
trollers and the opening/closing valves. 
0042 <Rectifying Plate> 
0043. The microwave heating apparatus 1 further includes 
a frame-shaped rectifying plate 24 between the sidewall 12 
and the periphery of the Supporting pins 16 in the processing 
chamber 2. The rectifying plate 24 has a plurality of rectifying 
openings 24a provided to vertically penetrate through the 
rectifying plate 24. The rectifying plate 24 allows the gas to 
flow toward the gas exhaust port 13a while rectifying an 
atmosphere in an area where the wafer W is disposed in the 
processing chamber 2. The rectifying plate is made of a metal, 
e.g., aluminum, aluminum alloy, stainless steel or the like. 
The rectifying plate 24 is not an essential component for the 
microwave heating apparatus 1 and thus may not be provided. 
0044) <Temperature Measurement Units 
0045. The microwave heating apparatus 1 further includes 
a plurality of radiation thermometers for measuring a surface 
temperature of the wafer W. and a temperature measurement 
unit 27 connected to the radiation thermometers. 
0046) <Microwave Radiation Space> 
0047. In the microwave heating apparatus 1 of the present 
embodiment, a space defined by the ceiling portion 11, the 
sidewall 12 and the rectifying plate 24 in the processing 
chamber 2 forms a microwave radiation space S1. Micro 
waves are radiated into the microwave radiation space S1 
through the microwave introduction ports 10 provided at the 
ceiling portion 11. Since each of the ceiling portion 11, the 
sidewall 12 and the rectifying plate 24 of the processing 
chamber 2 is made of a metal, the microwaves are reflected by 
them to be scattered in the microwave radiation space S1. 
0048 <Microwave Introducing Unite 
0049. Hereinafter, the configuration of the microwave 
introducing unit 3 will be described with reference to FIGS. 1, 
4 and 5. FIG. 4 is a view for explaining a schematic configu 
ration of a high Voltage power Supply unit of the microwave 
introducing unit 3. FIG. 5 is a top view showing a surface of 
the ceiling portion 11 of the processing chamber 2 shown in 
FIG 1. 
0050. As described above, the microwave introducing unit 
3 is provided above the processing chamber 2 and introduces 
electromagnetic waves (microwaves) into the processing 
chamber 2. As shown in FIG. 1, the microwave introducing 
unit 3 includes a plurality of microwave units 30 for introduc 
ing microwaves into the processing chamber 2, and a high 
Voltage power Supply unit 40 connected to the microwave 
units 30. 
0051 (Microwave Unit) 
0052. In the present embodiment, each of the microwave 
units 30 has the same configuration. Each of the microwave 
units 30 includes: a magnetron 31 for generating microwaves 
for processing the wafer W: a waveguide 32 through which 
the microwaves generated by the magnetron 31 are transmit 
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ted to the processing chamber 2; and a transmitting window 
33 that is fixed to the ceiling portion 11 to cover the micro 
wave introduction ports 10. The magnetron 31 serves as a 
microwave source in the present embodiment. 
0053 As shown in FIG. 5, in the present embodiment, the 
processing chamber 2 has four microwave introduction ports 
that are spaced apart from each other at a regular interval 
along the circumferential direction so as to form a Substan 
tially cross shape at the ceiling portion 11. Each of the micro 
wave introduction ports 10 is formed in a rectangular shape 
having shorts sides and long sides when seen from the top. 
Although the microwave introduction ports 10 may have dif 
ferent sizes or different ratios between the long sides and the 
short sides, it is preferable that all the four microwave intro 
duction ports 10 have the same size and the same shape in 
order to increase the uniformity and controllability of the 
heating process for the wafer W. In the present embodiment, 
the microwave units 30 are respectively connected to the 
microwave introduction ports 10. In other words, the number 
of the microwave units 30 is four. 
0054 The magnetron 31 has an anode and a cathode (both 
not shown) to which a high Voltage Supplied by the high 
Voltage power Supply unit 40 is applied. As for the magnetron 
31, one capable of oscillating microwaves of various frequen 
cies may be used. The frequencies of the microwaves gener 
ated by the magnetron 31 are optimally selected depending on 
types of processing for an object. For example, in case of an 
annealing process, the microwaves having a high frequency 
of 2.45 GHz, 5.8 GHz or the like are preferably used and the 
microwaves having a frequency of 5.8 GHZ are more prefer 
ably used. 
0055. The waveguide 32 has a tube shape with a rectan 
gular cross section and extends upward from the top Surface 
of the ceiling portion 11 of the processing chamber 2. The 
magnetron 31 is connected to an upper end portion of the 
waveguide 32. The lower end of the waveguide 32 is in 
contact with the top surface of the transmitting window 33. 
The microwaves generated by the magnetron 31 are intro 
duced into the processing chamber 2 through the waveguide 
32 and the transmitting window 33. 
0056. The transmitting window 33 is made of a dielectric 
material, e.g., quartz, ceramic or the like. The space between 
the transmitting window 33 and the ceiling portion 11 is 
airtightly sealed by a sealing member (not shown). A distance 
(gap G) from the bottom surface of the transmitting window 
33 to the surface of the wafer W supported by the supporting 
pins 16 is preferably set to, e.g., 25 mm or more and more 
preferably set within a range from 25 mm to 50 mm, in view 
of Suppressing direct irradiation of the microwaves to the 
wafer W. 
0057 The microwave introducing unit 30 further includes 
a circulator 34, a detector 35, and a tuner 36 which are pro 
vided on the waveguide 32; and a dummy load 37 connected 
to the circulator 34. The circulator 34, the detector 35 and the 
tuner 36 are provided in that order from the upper end side of 
the waveguide 32. The circulator 34 and the dummy load 37 
serve as an isolator for separating reflection waves from the 
processing chamber 2. In other words, the circulator 34 
guides the reflection waves from the processing chamber 2 to 
the dummy load 37, and the dummy load 37 converts the 
reflection waves guided by the circulator 34 into heat. 
0058. The detector 35 detects the reflection waves from 
the processing chamber 2 in the waveguide 32. The detector 
35 includes, e.g., an impedance monitor, specifically a stand 
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ing wave monitor for detecting an electric field of the standing 
waves in the waveguide 32. The standing waves monitor may 
include, e.g., three pins protruding into the inner space of the 
waveguide 32. The reflection waves from the processing 
chamber 2 are detected by detecting a location, a phase and an 
intensity of the electric field of the standing waves by using 
the standing wave monitor. The detector 35 may include a 
directional coupler capable of detecting traveling waves and 
reflection waves. 
0059. The tuner 36 has a function of matching an imped 
ance between the magnetron 31 and the processing chamber 
2. The tuner 36 performs the impedance matching based on 
the detection result of the reflection waves by the detector 35. 
The tuner 36 may include, e.g., a conductor plate (not shown) 
provided to protrude into and retract from the inner space of 
the waveguide 32. In that case, by controlling the protruding 
amount of the conductor plate into the inner space of the 
waveguide 32, the power amount of the reflection waves can 
be adjusted and, further, the impedance between the magne 
tron 31 and the processing chamber 2 can be adjusted. 
0060 (High Voltage Power Supply Unit) 
0061 The high voltage power supply unit 40 supplies a 
high Voltage for generating microwaves to the magnetron 31. 
As shown in FIG. 4, the high voltage power supply unit 40 
includes an AC-DC conversion circuit 41 connected to a 
commercial power source: a Switching circuit 42 connected to 
the AC-DC conversion circuit 41; a switching controller 43 
for controlling an operation of the Switching circuit 42; a 
step-up transformer 44 connected to the Switching circuit 42; 
and a rectifying circuit 45 connected to the step-up trans 
former 44. The magnetron 31 is connected to the step-up 
transformer 44 via the rectifying circuit 45. 
0062. The AC-DC conversion circuit 41 is a circuit which 
rectifies AC (e.g., three-phase 200V AC) from the commer 
cial power source and converts it into DC of a predetermined 
waveform. The switching circuit 42 controls on/off of the DC 
converted by the AC-DC conversion circuit 41. In the switch 
ing circuit 42, the Switching controller 43 performs phase 
shift PWM (Pulse Width Modulation) control or PAM (Pulse 
Amplitude Modulation) control to generate a pulse-shaped 
voltage waveform. The step-up transformer 44 boosts the 
voltage waveform outputted from the switching circuit 42 to 
a predetermined level. The rectifying circuit 45 rectifies the 
Voltage boosted by the step-up transformer 44 and Supplies 
the rectified voltage to the magnetron 31. 
0063 <Control United 
0064. Each of the components of the microwave heating 
apparatus 1 is connected to the control unit 8 and controlled 
by the control unit 8. The control unit 8 is typically a com 
puter. FIG. 6 is a view for explaining a configuration of the 
control unit 8 shown in FIG.1. In the example shown in FIG. 
6, the control unit 8 includes a process controller 81 having a 
CPU: and a user interface 82 and a storage unit 83 which are 
connected to the process controller 81. 
0065. The process controller 81 performs integrated con 
trol of the components (e.g., the microwave introducing unit 
3, the Supporting unit 4, the gas Supply unit 5a, the gas exhaust 
unit 6, the temperature measurement unit 27 and the like) of 
the microwave heating apparatus 1 that are related to the 
process conditions such as a temperature, a pressure, a gas 
flow rate, power of a microwave, a rotation speed of the wafer 
W and the like. 
0066. The user interface 82 includes a keyboard or a touch 
panel through which a process manager inputs commands to 
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operate the microwave heating apparatus 1; a display for 
visually displaying the operation status of the microwave 
heating apparatus 1; and the like. 
0067. The storage unit 83 stores therein control programs 
(software) for realizing various processes to be performed by 
the microwave heating apparatus 1 under the control of the 
process controller 81; and recipes including process condi 
tion data and the like. The process controller 81 retrieves and 
executes a control program and a recipe from the storage unit 
83 when necessary, e.g., based on an instruction from the user 
interface 82. Accordingly, a desired process is performed in 
the processing chamber 2 of the microwave heating apparatus 
1 under the control of the process controller 81. 
0068. The control programs and the recipes may be stored 
in a computer-readable storage medium, e.g., a CD-ROM, a 
hard disk, a flexible disk, a flash memory, a DVD, a Blu-ray 
disc or the like. The recipes may be transmitted on-line from 
another device through, e.g., a dedicated line, when neces 
Sary. 

0069 <Effects> 
0070 Hereinafter, the functional effects of the microwave 
heating apparatus 1 of the present embodiment will be 
described. As described above, the dielectric plate 15 is dis 
posed between the wafer W and the bottom portion 13 of the 
processing chamber 2 while being separated from the wafer 
W and increases the absorption of microwaves by the wafer W 
by changing the state of the microwaves below the wafer W. 
Although it is not clear why the efficiency of absorption of 
microwaves by the wafer W is increased by interposing the 
dielectric plate 15 between the wafer W and the bottom por 
tion 13 of the processing chamber 2, it may be reasonably 
explained as follows. The microwaves introduced into the 
processing chamber 2 through the microwave inlet ports 10 
generate standing waves in a space S2 between the wafer W 
and the bottom portion 13 of the processing chamber 2. By 
providing in the space S2 the dielectric plate 15 made of a 
dielectric material that transmits microwaves, the standing 
waves in the space S2 can be close to a resonance State. Due 
to the resonance state, the microwaves are confined in the 
space S2. When the microwaves are confined, the microwaves 
incident into the space S2 and the reflection waves from the 
space S2 are canceled by each other. Accordingly, the effi 
ciency of absorption of the microwaves by the wafer W is 
improved and the heating of the wafer W is promoted. Hence, 
in the microwave heating apparatus 1 of the present embodi 
ment, in order to improve the efficiency of absorption of 
microwaves by the wafer W, the dielectric plate 15 is provided 
such that the height H (H=H+T+H) from the bottom portion 
13 of the processing chamber 2 to the backside of the wafer W 
and a wavelength wo of the standing waves (approximately 
equal to a guide wavelength ) generated in the space S2 
satisfies a condition of HinxWo/2 (where, n is a positive 
integer). Specifically, it is preferable to set the height H, the 
thickness T and the height H such that the condition of 
H-nx)/2 is satisfied. 
0071. In the present embodiment, the annealing process is 
performed while the wafer W Supported by the supporting 
pins is horizontally rotated at a predetermined speed by driv 
ing the rotation driving unit 17. As a consequence, over the 
surface of the wafer W, the radiation of the microwaves in the 
circumferential direction becomes uniform. Accordingly, the 
rotation enables the annealing process to be uniformly per 
formed in the circumferential direction over the surface of the 
wafer W. 
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0072 <Processing Sequence> 
0073 Hereinafter, a processing sequence for performing 
an annealing process on a wafer W in the microwave heating 
apparatus 1 will be described. First, a command for perform 
ing the annealing process in the microwave heating apparatus 
1 is inputted from the user interface 82 to the process control 
ler 81. Next, the process controller 81 receives the command 
and reads out the recipes that have been stored in the storage 
unit 83 or the computer-readable storage medium. Then, the 
process controller 81 transmits control signals to the end 
devices (e.g., the microwave introducing unit 3, the Support 
ing unit 4, the gas Supply unit 5a, the gas exhaust unit 6 and 
the like) of the microwave heating apparatus 1 Such that the 
annealing process is performed under the conditions based on 
the recipes. 
(0074) Next, the gate valve GV is opened, and the wafer W 
is loaded into the processing chamber 2 through the gate valve 
GV and the loading/unloading port 12a by a transfer unit (not 
shown). The wafer W is mounted on the supporting pins 16. 
The elevation driving unit 18 is driven, so that the supporting 
pins 16 are vertically moved together with the shaft 14 and the 
dielectric plate 15 to set the wafer W to a predetermined 
height H. This height H can be set in consideration of the 
wavelength wo of the standing wave, the height H, the thick 
ness T and the height H. Then, at this height H, the wafer W 
is rotated horizontally at a predetermined speed by driving the 
rotation driving unit 17. The wafer W may not be rotated 
continuously, i.e., may be rotated discontinuously. Thereaf 
ter, the gate valve GV is closed, and the processing chamber 
2 is vacuum-evacuated by the gas exhaust unit 6, if necessary. 
Next, a processing gas is introduced at a predetermined flow 
rate into the processing chamber 2 by the gas Supply unit 5a. 
The inner space of the processing chamber 2 is controlled to 
a predetermined pressure by adjusting a gas exhaust amount 
and a gas Supply amount. 
0075. Thereafter, microwaves are generated by applying a 
Voltage from the high Voltage power Supply unit 40 to the 
magnetron 31. The microwaves generated by the magnetron 
31 are transmitted through the waveguide 32 and the trans 
mitting window 33, and introduced into a space above the 
wafer W in the processing chamber 2. In the present embodi 
ment, microwaves are sequentially generated by the magne 
trons 31 and introduced alternately into the processing cham 
ber 2 through each of the microwave introduction ports 10. 
Alternatively, the microwaves may be simultaneously gener 
ated by the magnetrons 31 and simultaneously introduced 
into the processing chamber 2 through the microwave intro 
duction ports 10. 
0076. The microwaves introduced into the processing 
chamber 2 are radiated to the rotating wafer W. and the wafer 
W is rapidly heated by electromagnetic wave heat such as 
Joule heat, magnetic heat, inductive heat or the like. As a 
result, the annealing process is performed on the wafer W. 
Here, the heating efficiency of the wafer W can be increased 
by setting the height H of the wafer W in consideration of the 
wavelength wo of the standing wave, the height H, the thick 
ness T and the height H. The height H of the wafer W can be 
varied during the annealing process. When the wafer W is 
rotated by the Supporting unit 4 during the annealing process, 
the heating temperature over the surface of the wafer W can be 
more uniform by reducing the deviation of the microwaves in 
the circumferential direction of the wafer W. 
0077. When a control signal for terminating the annealing 
process is transmitted from the process controller 81 to the 
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end devices of the microwave heating apparatus 1, the gen 
eration of the microwaves and the rotation of the wafer Ware 
stopped and the Supply of the processing gas and the cooling 
gas is stopped. In this manner, the annealing process for the 
wafer W is terminated. Next, the gate valve GV is opened, the 
vertical position of the wafer W on the supporting pins 16 is 
adjusted and then the wafer W is unloaded by the transfer unit 
(not shown). 
0078. The microwave heating apparatus 1 is preferably 
used for, e.g., an annealing process for activating doping 
atoms implanted into the diffusion layer in the manufacturing 
process of semiconductor devices. 
0079. As described above, in the microwave hating appa 
ratus and the processing method of the present embodiment, 
the dielectric plate 15 made of a dielectric material is pro 
vided in the space S2 so as to be separated from the wafer W 
by a predetermined gap in order to increase the absorption of 
the microwaves over the surface of the wafer W and improve 
the heating efficiency. In the case of performing the annealing 
process on the wafer W while rotating the wafer Whorizon 
tally at a predetermined speed, the absorption of the micro 
waves becomes more uniform over the surface of the wafer W. 
Hence, the microwave heating apparatus and the processing 
method of the present embodiment enables the heating pro 
cess to be effectively and uniformly performed on the wafer 
W. 

Second Embodiment 

0080 A microwave heating apparatus in accordance with 
a second embodiment of the present invention will be 
described with reference to FIGS. 7 and 8. FIG. 7 is a cross 
sectional view showing a schematic configuration of a micro 
wave heating apparatus 1A of the present embodiment. FIG. 
8 is a perspective view showing relationship between the 
supporting pins 16 and the dielectric plate 15A. The micro 
wave heating apparatus 1A of the present embodiment per 
forms an annealing process by irradiating microwaves to, 
e.g., a wafer W, through a plurality of consecutive operations. 
In the following description, differences between the micro 
wave heating apparatus 1 of the first embodiment and the 
microwave heating apparatus 1A of the present embodiment 
will be mainly described. In FIGS. 7 and 8, like reference 
numerals will be used for like parts as those of the microwave 
heating apparatus 1 of the first embodiment, and redundant 
description will be omitted. 
0081. The microwave heating apparatus 1A of the present 
embodiment includes: a processing chamber 2 for accommo 
dating therein a wafer W: a microwave introducing unit 3 for 
introducing microwaves into the processing chamber 2; a 
Supporting unit 4A for Supporting the wafer W in the process 
ing chamber 2; a gas Supply mechanism 5 for Supplying a gas 
into the processing chamber 2; a gas exhaust unit 6 for 
vacuum-exhausting the processing chamber 2; and a control 
unit 8 for controlling the respective components of the micro 
wave heating apparatus 1A. 
0082. The supporting unit 4A includes: a tubular shaft 14 
that penetrates through substantially the center of the bottom 
portion 13 of the processing chamber 2 to extend to the 
outside of the processing chamber 2; a dielectric plate 15A 
that is a dielectric member provided substantially horizon 
tally at the vicinity of the upper end of the shaft 14; a plurality 
ofarms 15B attached to the shaft 14; a plurality of supporting 
pins 16 detachably attached to the respective arms 15B. The 
Supporting unit 4A further includes: a rotation driving unit 17 
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for rotating the shaft 14; an elevation driving unit 18 for 
Vertically displacing the shaft 14; and a movable connection 
unit 19 for supporting the shaft 14 and connecting the rotation 
driving unit 17 and the elevation driving unit 18. The number 
of the arms 15B is equal to the number (e.g., three) of the 
supporting pins 16. Each arm 15B extends horizontally in a 
radial direction about the shaft 14. The supporting pins 16 are 
attached to the vicinity of the leading end of each arm 15B. In 
the present embodiment, the wafer W and the dielectric plate 
15A have circular plate shapes and a diameter of the dielectric 
plate 15A is smaller than a diameter of the wafer W. Accord 
ingly, the Supporting pins 16 are raised upward from the 
position below the dielectric plate 15A and support the wafer 
W at the outside of the dielectric plate 15A. 
I0083 Below the wafer W, the dielectric plate 15A is pro 
vided between the wafer W and the bottom portion 13 of the 
processing chamber 2 while being separated from the wafer 
W and the bottom portion 13. The dielectric plate 15A serves 
as a microwave absorption promoting unit for promoting 
absorption of microwaves to the wafer W by changing the 
state of microwaves below the wafer W. The dielectric plate 
15A has the same function as that of the first embodiment 
except in that the Supporting pins 16 for Supporting the wafer 
W are not installed. In this manner, in the present embodi 
ment, the dielectric plate 15A serving as the microwave 
absorption promoting unit and the arms 15B for Supporting 
the Supporting pins 16 are configured as separate members. 
The thickness T of the dielectric plate 15A, the height H from 
the top surface of the bottom portion 13 to the bottom surface 
of the dielectric plate 15A, the height H from the top surface 
of the dielectric plate 15A to the backside of the wafer W. and 
the height H from the top surface of the bottom portion 13 to 
the backside of the wafer W in the present embodiment may 
be set as in the first embodiment. 

I0084. The other configurations and effects of the micro 
wave heating apparatus 1A of the present embodiment are the 
same as those of the microwave heating apparatus 1 of the first 
embodiment, so that the description thereof will be omitted. 
In FIG. 7, the dielectric plate 15A is configured to be rotated 
and vertically moved together with the arms 15B and the 
supporting pins 16 by fixing the dielectric plate 15A to the 
shaft 14. However, the dielectric plate 15A, the arms 15B and 
the Supporting pins 16 may be configured to be rotated and 
vertically moved by different driving units. In that case, the 
dielectric plate 15A may be provided not as a component of 
the Supporting unit 4A but as a separate member. In the 
present embodiment, the dielectric plate 15A may not be 
rotated or vertically moved. In the present embodiment as 
well as the first embodiment, the metal thin film 50 may be 
formed at the dielectric plate 15A. 
I0085 (Simulation Test) 
0086) Next, a result of a simulation test that has examined 
the effects of the present invention will be described with 
reference to FIGS. 9A to 9C. The efficiency of absorption of 
microwave power by the wafer W was simulated while vary 
ing the thickness T of the dielectric plate 15, the height H. 
from the top surface of the bottom portion 13 to the bottom 
surface of the dielectric plate 15 (hereinafter, may be referred 
to as “dielectric plate height H) and the height H from the 
top surface of the bottom portion 13 to the backside of the 
wafer W (T+H+H in FIG. 3; hereinafter may be referred to 
as “wafer height H') in the microwave heating apparatus 1 of 
the first embodiment (see FIGS. 1 to 6). The thickness T of the 
dielectric plate 15 was set to 2 mm, 4 mm or 6 mm. The 
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dielectric plate height H was varied within a range from -5 
mm to 25 mm. The case in which the thickness T of the 
dielectric plate 15 is -5 mm indicates that the dielectric plate 
15 is not provided. The wafer height H was varied within a 
range from 0 mm to 40 mm. The other simulation conditions 
are as follows: the dielectric plate 15 was made of quartz; and 
the annealing process was performed while rotating the wafer 
W in a horizontal plane by the Supporting unit 4. 
0087 FIGS. 9A to 9C show the result of the simulation 

test. FIG. 9A shows the result obtained when the thickness T 
of the dielectric plate 15 was 2 mm; FIG.9B shows the result 
obtained when the thickness T was 4 mm; and FIG.9C shows 
the result obtained when the thickness T was 6 mm. Although 
the black and white illustration in FIGS. 9A to 9C cannot 
clearly show the efficiency of the power absorption by the 
wafer W, it is improved as the color becomes lighter 
(brighter). The efficiency of the power absorption by the 
wafer W at the darkest portion is about 70% and that at the 
brightest portion is about 80%. 
I0088. It is clear from FIGS. 9A to 9C that the efficiency of 
the power absorption by the wafer W can be increased by up 
to about 10% by providing the dielectric plate 15 below the 
wafer W, compared to the case where the dielectric plate 15 is 
not provided. Further, it is clear that the efficiency of the 
power absorption by the wafer W can be changed by varying 
the thickness T of the dielectric plate 15, the dielectric plate 
height H, and the wafer height H within the above set range. 
For example, in the above simulation conditions, the ranges 
of the height H of the dielectric plate and the height H of the 
wafer where the efficiency of the power absorption by the 
wafer W can be improved was wide when the thickness T of 
the dielectric plate 15 was set to 4 mm. Therefore, it is clear 
that the effect of improving the absorption efficiency of the 
microwave by the wafer W can be easily obtained in the case 
of setting the thickness T of the dielectric plate 15 to 4 mm, 
compared to the case of setting the thickness T to 2 mm or 6 
mm. In this manner, the simulation test shows that the anneal 
ing process can be effectively performed on the wafer W by 
providing the dielectric plate 15 and adjusting the thickness T 
of the dielectric plate 15, the dielectric plate height H and the 
wafer height H. 
0089. The present invention may be variously modified 
without being limited to the above embodiments. For 
example, the microwave heating apparatus of the present 
invention is not limited to the case of using a semiconductor 
waferas an object to be processed and may also be applied to 
a microwave heating apparatus using as a Substrate, e.g., a 
substrate for a solar cell panel or a substrate for a flat panel 
display. 
0090. The number of the microwave units 30 (the number 
of the magnetrons 31) or the number of the microwave inlet 
ports 10 in the microwave heating apparatus is not limited to 
that in the above embodiments. 
0.091 While the invention has been shown and described 
with respect to the embodiments, it will be understood by 
those skilled in the art that various changes and modifications 
may be made without departing from the scope of the inven 
tion as defined in the following claims. 
What is claimed is: 
1. A microwave heating apparatus comprising: 
a processing chamber having a top wall, a bottom wall and 

a sidewall, and configured to accommodate an object to 
be processed; 
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a microwave introducing unit configured to generate a 
microwave for heating the object and introduce the 
microwave into the processing chamber; 

a plurality of Supporting members configured to make con 
tact with the object and support the object in the pro 
cessing chamber, and 

a dielectric member provided between the object supported 
by the supporting members and the bottom wall while 
being apart from the object. 

2. The microwave heating apparatus of claim 1, wherein 
the dielectric member is apart from the bottom wall. 

3. The microwave heating apparatus of claim 1, wherein 
the Supporting members are attached to the dielectric mem 
ber. 

4. The microwave heating apparatus of claim 3, wherein 
the object and the dielectric member have circular plate 
shapes and a diameter of the dielectric member is equal to or 
greater than a diameter of the object. 

5. The microwave heating apparatus of claim 1, further 
comprising a rotation mechanism configured to circularly 
move the Supporting members in a horizontal plane about a 
center axis of the object Supported by the Supporting mem 
bers. 

6. The microwave heating apparatus of claim 1, further 
comprising a vertical position control mechanism configured 
to adjust a vertical position of the object supported by the 
Supporting members. 

7. The microwave heating apparatus of claim 1, wherein 
the dielectric member is provided such that a height H from 
the bottom wall to the object and a wavelength wo of a stand 
ing wave generated in a space between the bottom wall and 
the object satisfies a condition of H-nxWo/2, where n is a 
positive integer. 

8. The microwave heating apparatus of claim 1, wherein a 
metal thin film having a thickness of 10 nm to 500 nm is 
formed on a top surface of the dielectric member, the top 
Surface facing the object Supported by the Supporting mem 
bers. 

9. The microwave heating apparatus of claim 1, further 
comprising a plurality of microwave inlet ports configured to 
introduce the microwave generated by the microwave intro 
ducing unit into the processing chamber, the microwave inlet 
ports being provided in the top wall of the processing cham 
ber. 

10. A processing method comprising: 
heating an object to be processed by using a microwave 

heating apparatus including: a processing chamber hav 
ing a top wall, a bottom wall and a sidewall, and config 
ured to accommodate the object; a microwave introduc 
ing unit configured to generate a microwave for heating 
the object and introduce the microwave into the process 
ing chamber; a plurality of Supporting members config 
ured to make contact with the object to be processed and 
Support the object in the processing chamber; and a 
dielectric member provided between the object sup 
ported by the supporting members and the bottom wall 
while being apart from the object. 

11. The processing method of claim 10, said heating is 
performed while rotating the object. 
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